Introduction
The digital patient record consists of a large number of isolated data entries that are provided by various information systems and medical devices. Through the developments in medical image processing, genome and proteome analysis, even more complex data items become available for their consideration in diagnosis and treatment. Considering such complex information during surgical planning and treatment requires besides availability of the data, its aggregation and presentation in an understandable, clear and timely manner. Clinical decision support systems aim at making the optimum use of patient data and are supposed to support in this process of information management and interpretation. They should lead to high percentages of appropriate treatment and reduce mortality and complications. However, such systems did not yet arrived sufficiently in clinical practice, since approaches often lack relationships to scientific evidence and are poorly integrated with clinician's workflow [4] . Clinical decision support systems (CDS) often learn and predict from large sets of patient data using supervised machine learning. Other systems follow a rule-based approach. In the last years, the idea of model-based decision support came up [5] . Research and available systems following that approach are still limited, and for the complex domain of surgery completely missing. The objective of this paper is to present the vision of model-based decision support in surgery, and to collect requirements and future issues to be addressed. We are summarizing the requirements after describing the main vision and ideas behind model-based decision support.
Methods
In surgical planning and treatment as well as in other clinical decision processes, a physician has to perform mainly two tasks: Assess the health status of a patient (situation assessment) and propose or decide for a therapy (decision making). A model-based decision support system supports these tasks. It bases upon two assumptions: 1) Medical knowledge can be modelled including diagnosis, treatment, and decision making processes, i.e. it can be formally described which parameter characterize a specific diagnosis or which steps are performed within a decision-making process. We refer to this medical knowledge as domain theory.
2) The observations made during physical or other clinical assessment of a patient can be described and instantiates the formal patient model. We refer to this by the term situation description. The domain theory can be described in a structural model by structural elements (objects and relations between objects) and constraints on quantities (e.g. values, intervals). The specific state of a patient or organ (i.e. the situation) is described in terms of perceivable objects, their interrelationships and quantity value assignments (e.g. measurements). Consider the following example: A decision support system for treatment decisions of Larynx carcinoma bases upon a structural model describing parameters to be considered in decision making (e.g. information entities such as age or extracapsular spread of lymph node metastasis). For each information entity (attribute) a value describing the normal state is assigned and also probabilities to what extent the entity contributes to the decision process. During situation assessment, the attributes of the model are instantiated with the measured data. A decision support system could use that information, and the structural model to predict the outcome for various treatment options. In the following, we will concentrate on patient models for outcome prediction, surgical planning and treatment and describe requirements.
Results
Given the two tasks in surgical planning and treatment (see before), a model-based decision support system comprises two components: situation assessment component and therapy proposal or prognosis component. Within situation assessment, hypotheses are determined about the current situation based on the available data items, i.e. the observations. The therapy proposal component determines which procedures need to be taken to achieve some defined treatment goal. Situation assessment requires on the one hand information on the observations made, i.e. the patient data collected during examinations need to be available. Different kinds of data need to be considered, ranging from radiological images, to textual reports and omics data. A digital patient model is supposed to offer an integrated view on the information related to an organ or disease [1] . On the other hand, a structural model of (patho-) physiology needs to be available with which the observations made can be matched, i.e. observations made are linked to the information entities defined in the patient model. Each information entity in the digital patient model needs to provide a description of  its semantic content (category of the image "X-Ray", kind of procedure "X-ray of thorax"),  the requestor and recipient of some the information entity,  the temporal context (e.g. year, day, time of an examination),  code and name of a procedure, underlying protocol and guideline,  reasons for an examination.
Making data available requires methods for gathering the data from the various information systems, for fusing and integrating data of different type, and in particular to identify semantic links between information entities. In order to get an additional value from the data integrated in the patient model and also to identify links between information entities, methods for semantic analysis, text mining, information retrieval and knowledge management are required. Those technologies connect information entities automatically and make them available among others for automatic interpretation and reasoning purposes. For example, integration of functional and morphological image data can offer an additional value relevant for interpretation, e.g. by connecting image data with electrophysiological data acquired during the surgery with electric stimulation. Important questions in this context concern data storage and data representation. To enable automatic interpretation and re-use of data, data items need to be described in a standardized way, i.e. by ontologies.
The therapy proposal or prediction component bases upon a decision model, that contains for a concrete disease the possible treatments and information to what extent the single entities contribute to a specific decision. It also needs the patient model instantiated during the situation assessment stage. Before and after a surgery, decisions are made that require awareness of all relevant information on a patient and their disease. Methods for automatic reasoning and inference are necessary to build predictive patient models. They allow to make predictions on the course of disease given several treatment options. Mathematical models were already suggested for this purpose [3, 5] . Further, reasoning methods need to be robust against missing data and observations and should consider all relevant information. Another crucial aspect is to decide situation specific about the amount and kind of information to be considered in the decision support system: During a surgery, the time aspect is critical; therefore only a subset of relevant information can be considered. In contrast in therapy planning, all patient model information can be assessed since more time for data processing and interpretation is available. To suggest treatments, a system needs to be equipped with information on costs and benefits. Costs could comprise estimated risk of complications of some surgery or navigation path; benefit could be the increase of the survival rate.
To enable users to assess the proposals and predictions made by the system, appropriate visualisations need to be available. The variety of information entities that are stored in the patient model and that are considered in a decision process are often complex. The data needs to be prepared and visualized in a way that allows to quickly realise the dependencies. This includes preparing methods for managing the patient and decision model and verifying and adapting the models.
Discussion
Model-based decision support in surgery is still at the very beginning, but is crucial for ensuring quality of medical treatment; allow for simulation and training, support in research and development of new or improved therapies; optimizing decision making and therapy. This paper presented a vision of such decision support. A next step would be to work towards a digital patient model. A data structure and representation format needs to be established. A big problem is the distributed information in hospitals, where various information systems exist that contain relevant patient data. The problem of data gathering still exists and need to be addressed in order to be able to consider all relevant patient data in decision making processes.
